This paper provides an update on the systems engineering model (COSYSMO) being developed by the Center for Software Engineering at the University of Southern California in conjunction with its corporate affiliates and the International Council for Systems Engineering (INCOSE). The model will help organizations better estimate and plan their systems engineering activities that include development, integration, and test. In this light, the COSYSMO working group has focused on establishing the scope of the model through the ANSI/EIA 632 Systems Engineering standard. It was recognized early on that systems engineering activities varied extensively across organizations and projects. The key to collecting consistent data across disparate organizations was to clearly define the content in a WBS that was understandable by the systems engineering and cost estimation communities. Mappings have also established between each organization's or project's WBS elements and the COSYSMO standard WBS elements. The standardized WBS has become the framework for discussion of what systems engineering activities are included and excluded for a particular cost estimate. The paper will cover systems engineering and industry standards, the use of these standards in the COSYSMO model development process, and an analysis of the distribution of ANSI/EIA 632 activities covered in COSYSMO.
I. Introduction
S organizations develop more complex systems, increased emphasis is being placed on Systems Engineering (SE) to ensure that cost, schedule, and performance targets are met. Correspondingly, the failure to adequately plan and fund the systems engineering effort appears to have contributed to a number of cost overruns and schedule slips, especially in the development of complex aerospace systems. This has resulted in a recent increased emphasis on revitalizing systems engineering in government and commercial organizations. A This paper presents one aspect of a parametric model that is designed to help people reason about their decisions related to systems engineering. COSYSMO, the Constructive Systems Engineering Cost Model, is an "open" model that contains eighteen parameters: four size drivers and fourteen effort multipliers. It is built on a framework similar to its well-known predecessor, COCOMO II, and integrates accepted systems engineering standards to define its scope.
Funded by industry affiliates, the model focuses on large-scale systems for military applications that employ a disciplined approach to systems engineering. Data was collected from six aerospace companies in the form of expert opinion and historical project data to define and calibrate the model.
II. Systems Engineering and Industry Standards
Systems engineering is concerned with creating and executing an interdisciplinary process to ensure that the customer and stakeholder needs are satisfied in a high quality, trustworthy, cost efficient and schedule compliant manner throughout a system's entire life cycle. Part of the complexity in understanding the cost involved with systems engineering is due to the diversity of definitions used by different systems engineers and the unique ways in which systems engineering is used in practice. The premier systems engineering society, INCOSE, has long debated the definition of systems engineering and only recently converged on the following:
Systems Engineering is an interdisciplinary approach and means to enable the realization of successful systems. It focuses on defining customer needs and required functionality early in the development cycle, documenting requirements, then proceeding with design synthesis and system validation while considering the complete problem.
A constituency of practitioners familiar with the benefits provided by the Constructive Cost Model (COCOMO) in the realm of software engineering proposed the development of a model to focus on systems engineering. 1 No formal approach to estimating systems engineering existed at the time, partially because of the still maturing field of systems engineering as a formal discipline and the lack of mature metrics. The beginnings of systems engineering can be traced back to the Bell Telephone Laboratories in the 1940s. 2 However, it was not until almost thirty years later that the first U.S. military standard was published. 3 The first professional systems engineering society, INCOSE, was not organized until the early 1990s and the first commercial U.S. systems engineering standards, ANSI/EIA 632 and IEEE 1220, followed shortly thereafter. Even with the different approaches of defining systems engineering, the capability to estimate it is desperately needed by organizations. Several heuristics are available but they do not provide the necessary level of detail that is required to understand the most influential factors and their sensitivity to cost.
Fueled by industry support and the US Air Force's systems engineering revitalization initiative, 4 interest in COSYSMO has grown. Defense contractors as well as the federal government are in need of a model that will help them better control and prevent future shortfalls in the $18 billion federal space acquisition process. 5 COSYSMO is also positioned to make immediate impact on the way organizations -and other engineering disciplines -view systems engineering.
The development of systems engineering standards has helped the crystallization of the discipline as well as the development of COSYSMO. Table 1 includes a list of the standards most influential to this effort.
The first U.S. military standard focused on systems engineering provided the first definition of the scope of engineering management. 3 It was followed by another standard that provided guidance on the process of writing system specifications for military systems. 6 These standards were influential in defining the scope of systems engineering in their time. Years later the standard ANSI/EIA 632 Processes for Engineering a System 7 provided a typical systems engineering WBS ‡ . This list of activities was selected as the baseline for defining systems engineering in COSYSMO. The standard contains five fundamental processes and 13 high level process categories that are representative of systems engineering organizations. The process categories are further divided into 33 activities shown in Table 2 . These activities help answer the what of systems engineering and helped characterize the first significant deviation from the software domain covered by COCOMO II. The five fundamental processes are (1) Acquisition and Supply, (2) Technical Management, (3) System Design, (4) Product Realization, and (5) Technical Evaluation. These processes are the basis of the systems engineering effort profile developed for COSYSMO. The actual application of the ANSI/EIA standard was found to be different in each organization studied § . Before seeking to obtain data on systems engineering effort for the calibration of COSYSMO, we defined the necessary life cycle phases of interest through the use of another standard.
III. Systems Engineering Effort Profile

A. Life Cycle Phases
A definition of the system life cycle phases was needed to help define the model boundaries. Because the focus of COSYSMO is systems engineering, it employs some of the life cycle phases from ISO/IEC 15288 Systems Engineering -System Life Cycle Processes. 8 These phases were slightly modified to reflect the influence of the aforementioned model, ANSI/EIA 632, and are shown in Figure 1 .
Life cycle models vary according to the nature, purpose, use and prevailing circumstances of the system. Despite an infinite variety in system life cycle models, there is an essential set of characteristic life cycle phases that exists for use in the systems engineering domain. For example, the Conceptualize stage focuses on identifying stakeholder needs, exploring different solution concepts, and proposing candidate solutions. The Development stage § BAE Systems, General Dynamics, Lockheed Martin, Northrop Grumman, Raytheon, SAIC involves refining the system requirements, creating a solution description, and building a system. The Operational Test & Evaluation stage involves verifying/validating the system and performing the appropriate inspections before it is delivered to the user. The Transition to Operation stage involves the transition to utilization of the system to satisfy the users' needs. These four life cycle phases are within the scope of COSYSMO. The final two were included in the data collection effort but did not yield enough data to be useful in the model calibration. These phases are: Operate, Maintain, or Enhance which involves the actual operation and maintenance of the system required to sustain system capability, and Replace or Dismantle which involves the retirement, storage, or disposal of the system. Each stage has a distinct purpose and contribution to the whole life cycle and represents the major life cycle periods associated with a system. The stages also describe the major progress and achievement milestones of the system through its life cycle. These life cycle stages help answer the when of systems engineering and COSYSMO. Understanding when systems engineering is performed relative to the system life cycle helps define anchor points for the model. The typical distribution of systems engineering effort across the life cycle phases for the organizations studied is shown in Table 3 . It is important to note the standard deviation for each of the phases.
B. Processes for Engineering a System
The ANSI/EIA 632 model provides a generic industry list that may not be applicable to every situation, but is useful in describing what the scope is of systems engineering. Other types of systems engineering WBS lists exist, such as the one developed by Raytheon Space & Airborne Systems. 9 Such lists provide, in much finer detail, the common activities that are likely to be performed by systems engineers in those organizations, but are generally not applicable outside of the companies or application domains in which they are created. The typical distribution of systems engineering effort across the fundamental process areas for the organizations studied is shown in Table 4 . The results in Tables 3 and 4 can be combined to produce a detailed allocation of processes across phases as shown in Table 5 . This information can help produce staffing charts that are helpful in determining the typical distribution of systems engineering effort for aerospace programs. Each program will have its own unique staffing American Institute of Aeronautics and Astronautics profile based on the project characteristics and system complexity. Moreover, some organizations may not be responsible for the systems engineering involved with all four phases being shown here. In these cases, these organizations must interpolate the data provided in Tables 3, 4 , and 5. The information in Table 5 can be graphically represented as a staffing profile chart as shown in Figure 2 . This view is compatible with many of the cost estimation models used by project managers. 
IV. Conclusion
Insufficient systems engineering resources has been cited in recent studies as one root cause for systems development problems in complex aerospace systems. COSYSMO has been developed to provide a model for estimating systems engineering resources parametrically from system level technical parameters and associated cost drivers. The depth and breadth of the model is anchored in the foundation of systems engineering industry standards. Using standards provided a common baseline for defining systems engineering and establishing the scope of the model. The standardized WBS has become the framework for discussion of what systems engineering activities are included and excluded for a particular cost estimate. The data collection for the organizations studied has yielded typical activity profiles for systems engineering.
